This work studied the parasitism capacity of Telenomus remus Nixon (Hymenoptera: Scelionidae) on Spodoptera frugiperda (Smith) (Hymenoptera: Scelionidae) eggs at 15, 20, 25, 28, 31, and 35°C, aiming 
INTRODUCTION
The fall armyworm, Spodoptera frugiperda, is considered the most important maize pest in several countries such as Brazil, Venezuela and Mexico (Cave, 2000) . A large amount of money is annually spent in attempts to control this pest (Cruz, 1995) . Among the control strategies, insecticide is the most used to control S. frugiperda outbreaks (Figueiredo et al., 1999; Morales, 2001) . Among the negative effects of the use of some insecticides is the development of insecticide resistance and environmental contamination (Diez-Rodriguez and Omoto, 2001) . A good alternative to circumvent these problems is the biological control implementation. This control method is an excellent alternative to avoid an abusive use of chemical control (Ferrer, 2001; Figueiredo et al. 1999) . Several works have shown the high number of parasitoid species from different corn regions and also stressed the importance of these biological enemies to keep S. frugiperda outbreaks below the economic threshold (Schwartz and Gerling, 1974; Ferrer, 2001; Figueiredo et al., 1999) . Among these egg parasitoids, Telenomus remus has a great value due to its specificity. Furthermore, its efficacy on S. frugiperda control has been proved in different countries such as Venezuela and Mexico (Hernández, 1996; Cave, 2000; Figueiredo et al., 2002) . T. remus releases are able to reach from 78% up to 100% parasitism on S. frugiperda eggs when a range from 5000 to 8000 parasitoids are realeased per hectare (Cave, 2000) . Grower`s necessities for biological control are evident around the world; however, studies are still needed and are crucial to the success of any biological control program implementation (Figueiredo et al., 1999) . Studies looking into the biological parameters are key points that might lead to the success of parasitoid use to control some of the major pests (Fuentes, 1994) . These parameters might be greatly influenced by the environment such as humidity, light, and mainly the temperature (Noldus, 1989) . A study on the parasitism capacity of T. remus in regard to the temperature gives important insights to the implementation of S. frugiperda Integrated Pest Management programs (Bleicher and Parra, 1990; Hernández et al., 1989) . Therefore, this work was carried out aiming to evaluate T. remus parasitism capacity on S. frugiperda under different temperatures (15, 20, 25, 28, 31 and 35°C) to acquire the required knowledge to later sucessfully use this parasitoid in biological control programs in crops where S. frugiperda was a pest.
MATERIAL AND METHODS
The adults of the S. frugiperda livestock were kept in PVC cages (10 cm of diameter and 21.5 cm high) from where the eggs were collected. These cages had a fine meshed fabric on the top and paper on inner surfaces to facilitate egg removals. Adults were fed through a piece of cotton wetted with honeyed water (10% honey), kept on the top of the fabric that covered the cages. This piece was changed each 72 h and the eggs were removed on a daily basis. Each egg mass removed was placed in a plastic cup with 5 g of artificial diet. These cups were properly closed and kept in a room with controlled temperature and humidity (25 ± 1 o C, 70 ± 10% of relative humidity, and 12 h L:D). S. frugiperda larvae were grown individually to avoid the cannibalism until pupation. Pupae were separated according to sex and then new cages were set up with seven couples each. The artificial diet used was adapted from Kasten et al. (1978) . T. remus livestock was set up with the insects received from EMBRAPA Sete Lagoas, MG, livestock.
S. frugiperda egg masses (approximately 150 eggs each) were glued on a square cardboard (2 cm x 8 cm). Three of this squares with the eggs were placed into a glass tube (8cm lenght and 2 cm diameter) with eggs previously parasited by T. remus. Inside these tubes, small honey drops were placed to feed the adults when emerged. These tubes were then properly closed and T. remus parasitism was allowed for 24 h. The insects were kept under controlled conditions (25 ± 1 o C, 70 ± 10% of relative humidity, and 12 h of photo phase) and new S. frugiperda eggs were offered to T. remus on a daily basis. The experiments were carried out using the egg masses not older than 24 h. Egg masses of approximately 150 eggs each were stuck to a rectangle cardboard (2 cm x 8 cm). This cardboard was individually placed in a glass tube (8 cm length x 2 cm diameter). A honey drop was placed in this glass tube prior to the parasitoid placement. Then, a newly emerged T. remus female (less than 24 h old) was placed into each tube and a total of 20 tubes (replications) were kept at different temperature (15, 20, 25, 28, 31, 35 o C) with 70 ± 10% of humidity and 12 h photo phase. The S. frugiperda eggs were daily replaced up to T. remus death. The parasitized eggs that were removed were also kept at each specific temperature accordingly to the treatment. The parameters evaluated were: daily number of parasitized eggs; total number of parasitized eggs, total parasitism (%), adult longevity. The results were analyzed using ANOVA and means were compared by Tukey's test (P=0.05). The distribution model of Weibull was used to estimate the mean longevity of the T. remus population using the survival data (Sgrillo, 1982) . The estimates of the parameters of shape (â) and scale (b) were done through the minimum square method, after the linearization of the Weibull model (Sgrillo, 1982) , where â showed the curve type being â>1 = type I, mortality rate increased with time; â ≅ 1 = type II, mortality rate was constant; â<1 = type III, mortality rate decreased with time. The mean longevity was estimated through the â and b parameters generated and analyzed through the MOBAE statistical program (Haddad et al., 1995) .
RESULTS AND DISCUSSION
The results showed that the parasitism rhythm was significantly different among the tested temperatures. The mean parasitism in the first 24 h was 60. 90, 81.65, 121.05, 117.55, and 108.55 parasitized eggs at 15, 20, 25, 28, and 31 o C, respectively (Fig. 1) . The highest tested temperature was inappropriate to T. remus development, since female adults had reduced longevity to just 1.7±0.02 days (Table 1) , and also, there was no adult emergence from parasitized eggs. The female of T. remus reduced the number of eggs daily laid (daily parasitism) according to the time, the female was exposed to the specific treatment (Fig. 1) . Therefore, it was clearly shown that parasitism decreased with time. The greater parasitism on the first days was shown at 15, 25, 28 and 31 o C, but at 20 o C parasitoids had similar parasitism capacity through the whole adult lifespan (Fig. 1) The highest parasitism at the first 48 h was reached at 25 o C, although, the highest total parasitism was observed at 20 o C (Fig. 2) . The temperatures of 28 and 31 o C also had higher parasitism than 20 o C at the first 24 h decreasing after the second day of parasitism (Fig. 2) . Therefore, even though parasitism was higher in the first 24 h at 25, 28, and 31 o C, the best parasitism performance of T. remus was reached at 20 o C due to the highest total parasitism rate.
However, T. remus at 20 o C just reached 80% parasitism on the 27 th day after the parasitoid emergence what might compromise the control success in field conditions because 27 days was probably too much time for the plant to tolerate the pest attack. Therefore, the best performance obtained by T. remus female at 20 o C was due to the longest longevity of adults at this temperature and that might be useful at laboratory conditions to better control the insect lifestock production. Adults kept at lower temperatures lived longer because of the lower metabolic activity of insects as a consequence of lowering temperatures (Gerling, 1972) . This decrease in metabolic activity leads to a lower energy spending, which seems to prolong the laying period and consequently increasing total parasitism. (Fig. 1) . A value of 80% control is generally accepted as good control percentage and it is used to discuss the parasitoid efficacy (Zago et al. 2007 ). Mean longevity of T. remus female was inversely proportional to temperature (Table 1) . The results showed longer longevity at 15 and 20 o C. At temperatures higher than 20 o C, T. remus had the longevity decreased, and T. remus longevity at 25, 28, and 31 o C did not differ statistically among themselves. At 35 o C, the results showed the lowest longevity where adults just lived 1.7 days ( Table 1 ).
The study of T. remus survival showed differences among the curves at different temperatures (Fig.  3) . However, all the T. remus survival curves were from type I. This showed that for all temperatures, there was an increase in mortality during the time (â>1) (Fig. 3) . It was possible to estimate the mean longevity of the population at different temperatures from the estimative of shape (â) and scale (b) and all data were fit into the Weilbull distribution for all the tested temperatures (Fig. 3) . The survival curves showed that there was an increase in mortality through the time at higher temperatures. Similar results have been reported by other authors studying different parasitoids (Pratissoli et al., 2005) . These results suggested that the biological control might be impaired somehow or at least had shorten its duration in Integrated Pest Management (IPM) programs carried out at warm weather places. This leads to a necessity of increasing parasitoid release frequency since they have higher temperatures. However, it is important to consider that 31 o C or even warmer temperatures that might 
30°°°°C
be reached in the field during the day are normally cooler during the night. Thus, future studies should be carried out evaluating the biology of the parasitoids exposed at variable temperatures and also different T. remus strains, better adapted to local temperatures might be tested before a field control program begins. Then, even though the best temperature for biological control using T. remus was identified as 20 o C, it could be strongly suggested to have a parasitoid releasing number based on the worst case scenario of temperatures what would ensure a better changes for the success of T. remus releasing. The results showed that in general, T. remus might be an efficient parasitoid to be used to manage S. frugiperda outbreaks. T. remus has been shown to be more efficient than other parasitoids such as Trichogramma spp, for example, mainly because T. remus was able to parasitize the lower layers of the eggs masses (Cruz and Figueiredo, 1994) where Trichogramma spp were not able to reach due to its smaller size for example (Oliveira, 2005) . Under field conditions, S. frugiperda might lay eggs in a single layer what might help to increase Trichogramma spp perfomance but this might also help T. remus performance. These possibilities still need to be tested. In conclusion, it is important to point out that temperature is a very important factor to determine the success or failure of biological control (Maceda et al. 2003) but it is not the only issue. Photoperiod, relative humidity among other features play also a important role in the ecosystem and is crucial for the success of any biological control agent (Pratissoli, 1995; Cave, 2000) . Other important point that must be considered is that at higher temperatures, the corium of eggs losses water what might lead to a decrease of T. remus capacity of parasitism (Fagundes, 2003) . The temperature influence on the T. remus parasitism capacity was also described by Gupta and Pawar (1985) who reported higher parasitism on eggs of Spodoptera litura by T. remus at temperatures from 25 to 30 o C. Similar results were also reported by Gautam (1986) that showed 27 o C as the best temperature for T. remus parasitism on S. litura eggs. In conclusion, T. remus could be a potential species for biological control that might be used in IPM programs conducted at areas of average temperature, similar to the most favorable temperature for its performance (20 to 25 o C).
Also, it is important to point out that other studies addressing the ideal number of parasitoids to be released, the releasing interval, and also the dispersion capacity of T. remus still need to be conducted in order to have a complete recommendation of T. remus use in agriculture to be offered to growers. 
RESUMO

